Introduction: Little is known about the sero-prevalence of anti-VZV antibodies among adolescents in the Kandy district of Sri Lanka although adulthood VZV infections are very common in this part of the country.
Introduction
Primary infection with varicella-zoster virus (VZV) causes varicella (chickenpox) which is a common childhood exanthematous illness associated with fever and a generalized pruritic vesicular eruption. 1 Reactivation of dormant VZV causes herpes zoster (shingles) which is characterised by a localised painful vesicular eruption involving one or more adjacent dermatomes. 1, 2 The incidence of herpes zoster increases with age and compromised immunity due to illness or medical treatment. 2 Chickenpox often presents clinically as a highly contagious benign viral infection of children throughout the world. 1 In adults, the clinical severity of the disease is high and in the immuno-compromised and elderly it can be fatal, with mortality rates reaching up to 15%. 3 Complications of chickenpox during the first two trimesters of pregnancy may result in chickenpox embryopathy, congenital varicella syndrome and premature labour. 2 In the last trimester it may result in neonatal varicella, which if severe may reach a mortality rate of 30%. 4 VZV is spread by direct contact with the infected lesions of patients with chickenpox or zoster. Transmission occurs by inhalation of respiratory secretions of infected patients, and contact with articles contaminated with vesicular fluid. 1 VZV is highly infectious, with an attack rate of 80% in household settings in urban communities.
2 Acquired immunity develops following natural infection, which protects the exposed individuals from subsequent infection. However, re-infections are possible in immunocompromised patients. [1] [2] [3] In most temperate climates, VZV infection is more common in the winter and early spring and in these countries up to 90 to 95% of the adult population have serological evidence of past exposure to the virus. 5 A randomly selected Turkish population had 90% sero-positivity to anti-VZV IgG when the subjects were under the age of 30. Moreover, a sero-prevalence study conducted in an adolescent population in Switzerland showed a positive anti-VZV IgG antibody rate of >95%. In contrast, in countries experiencing a tropical climate, up to 60% of the population remain susceptible to VZV infection into adulthood. In India an overall sero-prevalence of 68% was noted for anti-VZV IgG antibodies in 1609 patients aged from 0 to 40 years, with a significant proportion of adolescents and adults being susceptible to VZV. 6 Lower herd immunity and higher susceptibility of the young adult population to VZV have also been observed in Singapore 7 and Pakistan. 8 To date, published data on sero-prevalence of anti-VZV IgG antibodies in the adolescent population of Sri Lanka is limited. A study conducted by Liyanage et al. 9 showed that young adults in the Colombo (capital of Sri Lanka) district have a very low sero-positivity rate to anti-VZV IgG. By the age of 20, sero-positivity rates as demonstrated by VZV IgG antibodies, in urban and rural areas were ~ 40% and 20%, respectively. 9 In Saudi Arabia, 35% Sri Lankans living in the region are at higher risk for adulthood chickenpox than the native Saudi population. 10 It has also been reported that a significant number of undergraduate students experience chickenpox every year in a leading university in the Kandy district of Sri Lanka (Personal communication). This was supported by a recent study in which 50.9% (222/436) of the medical and engineering undergraduate students (Age=19-21 years) were susceptible to VZV infection. 11 This study might have underestimated the true susceptibility rate to VZV in their study population as it only tested those with a negative history of chickenpox for anti-VZV IgG antibodies.
Objectives
The objective of this project was to study the risk factors for adulthood chickenpox in a vaccine-naive adolescent population of school children from urban, rural and estate communities of the Kandy district of Sri Lanka and determine the sero-prevalence of anti-VZV IgG antibodies in this population.
Methodology
The study was approved by the Ethics Committee of the Faculty of Medicine, University of Peradeniya, Sri Lanka.
A cross sectional study was carried out between November 2004 and April 2005 in adolescent school children of urban, rural and estate communities in the Kandy District of Sri Lanka (chosen using the Department of Education Registry of the Kandy district) to determine the sero-prevalence of anti-VZV IgG antibodies and assess the risk factors for adulthood chickenpox. A sample size of 271 participants was made based on a multi stage stratified random sampling formula for health studies to achieve a power of 0.85 and confidence interval (CI) of 95%.
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Informed written consent was obtained from all participants, parents or guardians. A pre-tested questionnaire was completed by the researchers to collect the added information from the participants. The questionnaire included demographic information, past history of chickenpox, number of siblings and chickenpox vaccination history or record. Approximately, 5 mL of venous blood was taken from the median cubital vein of all the subjects participating in the study.
Blood samples were transported to the Virology Laboratory of the Department of Microbiology, Faculty of Medicine, University of Peradeniya for serum separation and storage at -20 o C until tested. All serum samples were tested for the presence of anti-VZV IgG antibodies using a commercial ELISA (Enzygnost, Behring Diagnostics, Germany). Positive results were obtained using a fixed cut-off recommended by the manufacturer. This test has a specificity of 100% and a sensitivity of 93% according to the manufacturer. Results were analysed using SPSS statistical software for Windows, Version 12.0.
Results
The current study showed a low sero-prevalence of anti-VZV IgG antibodies among the adolescent population of the Kandy district of Sri Lanka. None of the students were vaccinated against chickenpox. Overall, 34% of the participating students tested were sero-positive to anti-VZV IgG antibodies (or immune to chickenpox). Students with no history of chickenpox and students who could not remember having chickenpox had 32% and 14% of sero-positivity to anti-VZV IgG antibodies, respectively. Students who could remember a past history of chickenpox and those informed by their parents about a past history of chickenpox had 53% and 33% of sero-prevalence to anti-VZV IgG antibodies, respectively (Table 1) . Male and female students had approximately 36% and 32% sero-prevalence rates respectively for anti-VZV antibodies The difference in the sero-prevalence rate between the genders was not statistically significant (P>0.05).
Taking into consideration the number of siblings, students without sibling/s or who had only one sibling were non-immune (0/20), those who had 2 siblings and those who had more than 2 siblings had 27% (17/62) and 39% (74/189) sero-positivity to anti-VZV IgG antibodies, respectively. An increase in sero-positivity to anti-VZV IgG antibodies was noted with an increase in the number of siblings. The difference in sero-prevalence rate between students with 2 or more siblings and students without siblings was statistically significant (P<0.001). The source of infection of chickenpox was unknown to many students although a few students reported contact with a relative or a friend having chickenpox.
Students from the urban and estate communities had approximately 53% and 31% seroprevalence rates to anti-VZV IgG antibodies respectively. Only 17% of the students from the rural community were positive for anti-VZV IgG antibodies (Table 2) . Differences in the percentage of sero-positivity to anti-VZV IgG antibodies between different communities (urban vs estate; urban vs rural; estate vs rural) were statistically significant (P<0.001).
Discussion
An overall sero-prevalence of 34% to anti-VZV IgG antibodies among adolescents in the Kandy district of Sri Lanka produces a susceptibility rate of 66%. These findings are in agreement with the findings of Liyanage et al. (2007) 9 in which an age cohort of 0-60 years in the Colombo district of Sri Lanka had an anti-VZV sero-prevalence of 38%, producing a similar level of susceptibility to VZV infection. Taking together the findings of Liyanage et al. (2007) 9 and the current study, it is not surprising to see the level of hospital admissions, disease severity and complications with a high mortality rate for chickenpox in a central infectious disease hospital in Sri Lanka. 13 There is evidence to support the increased disease severity of chickenpox with age, and peripheral blood viral loads were significantly higher in those aged over 20 years than those aged <20 years in a Sri Lankan cohort of patients with adulthood chickenpox. 14 The low sero-prevalence of anti-VZV IgG antibodies in the present study was comparable to that reported in other tropical developing countries. Factors which influence low exposure rate to VZV in tropical developing countries are not well known. However, several reasons can be suggested, such as different virus strains, climatic factors, socio-economic standards, cultural factors and population mobility. According to a study carried out in a region of tropical Australia, 92% exposure rate to VZV was noted in women attending an antenatal clinic. 15 This finding may support the importance of socio-economic standards, cultural factors and population mobility over the climatic factor for the discrepancy in the exposure rate to VZV. A fact that cannot be disregarded is that most developed countries experience a temperate climate and developing countries experience a tropical climate. On the other hand, sero-prevalence rate of anti-VZV IgG antibodies was higher in cooler climatic regions than in the warmer regions of Thailand. 16 The latter observation can be supported by the findings reported in a study carried out in Singapore. 7 In this study, lower herd immunity and the higher susceptibility of the young adult population to VZV have been seen irrespective of the fact that Singapore has socio-economic standards comparable to a developed country.
Significantly, less numbers of adolescents who had no history of chickenpox (32%) or cannot remember having the disease (14%) were immune (Table 1 ). In contrast, in a Canadian study, 62% of those with "negative or unknown history" of chickenpox were sero-positive for anti-VZV IgG antibodies. 17 The reason for this discrepancy in seropositivity rates between these two populations is unknown, but may be due to higher rates of asymptomatic VZV infections in temperate countries than in tropical countries. To our surprise, 47% subjects with a past history of chickenpox were sero-negative to anti-VZV IgG antibodies, with a positive past history giving a positive predictive value (PPV) of only 53%. Although our study found a larger number of those with a past history of chickenpox to be sero-negative to anti-VZV IgG antibodies, it was understandable to some extent when comparing our data with Liyanage et al. (2007) 9 in that 28% of those with a self reported history of chickenpox were sero-negative for VZV IgG antibodies giving a PPV of 72%. Thus the basis of using a positive past history of chickenpox to assume sero-positivity to anti-VZV IgG antibodies can be challenged with the data of our study and that of Liyanage et al. (2007) 9 . The respondents to a positive history of chickenpox might have had some other exanthematous illness that led to an incorrect assumption of a past history of chickenpox. Apart from this, it is difficult to explain such high sero-negative rates of anti-VZV IgG antibodies in those giving a past history of chickenpox.
Recruits without sibling/s were non immune, those who had 2 siblings and those who had more than 2 siblings had an anti-VZV IgG sero-positivity rate of 27% and 39%, respectively. The increase in the sero-prevalence rate of anti-VZV IgG antibodies was positively correlated with the increase in the number of siblings. Similar observations have been documented in an adolescent population in Switzerland. 18 These studies therefore support the fact that those who grow up without siblings have a significant risk of evading natural VZV infection in childhood and hence form a potential target group for adulthood chickenpox.
Students from the urban and estate communities had 53% and 31% sero-prevalence rates. Only 17% of the rural community students were sero-positive to anti-VZV IgG antibodies. The discrepancy in anti-VZV IgG antibody status between urban and rural populations may be due to differences in socio-economic standards, cultural factors and population mobility between these two populations. The estate population has a seropositivity rate of anti-VZV IgG antibodies that lies in between the urban and rural populations. The estate population is more or less similar to a rural population in terms of socio-economic standards and cultural factors. Overcrowded households in close proximity to each other may be the reason for the relatively higher sero-positivity rate in the estate population compared with the rural population where isolated households are more common. In this regard our findings are in agreement with the findings of Liyanage et al. (2007) 9 in that the urban population of their study had a comparatively higher anti-VZV IgG sero-positivity rate than that of the rural population in a different district (Colombo) of Sri Lanka.
There is no vaccination policy in Sri Lanka for susceptible individuals when they are in high school or prior to starting higher education or other technical training programmes. In that context, our findings are useful to identify the target group for chickenpox immunisation. Those that start higher education in medicine and allied health sciences are especially at risk of acquiring VZV from infected patients during professional training. Other higher educational students might be at risk when they live in university residential colleges or technical training institutes. The infected/diseased can be distracted from their studies, training, examinations and work, contributing to a productivity loss. Moreover, if infected individuals are admitted to hospitals, they could act as a source of infection for immuno-compromised patients and other susceptible risk groups such as pregnant women and the elderly. Medical expenditure for the treatment of chickenpox and its complications can also be high although health economics data are not available in Sri Lanka. Hence, community based studies are necessary at district levels in the country to find out the susceptibility rate of young adults (12-19 years-old) to identify the target population for the immunisation programme in the future.
In conclusion, sero-prevalence of anti-VZV IgG antibodies is low among adolescents in the Kandy district of Sri Lanka when compared with their counterparts in temperate countries. Individuals who live in urban areas have a significantly higher anti-VZV IgG positivity rate than those who live in rural areas. Adolescents who grow up without siblings are at risk of evading natural VZV infection in childhood and form a target group for adulthood chickenpox and complications.
